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lAP^ protein, wHch is hereinafter referred to as livin. Ilxe ectopic expression of Uvin 
can block apoptosis induction by a variety of pro-apoptotic stimuU. This appears to be 
mediated, at least in part, by inhibiting capase-3 and -9. The Hvin gene exhibits a restricted 
expression pattern, since it has been found to be expressed in certain tumor cells, including 
melanoma or HeLa cervical carcinoma cells, but not. or to substantiaUy lesser amounts in 
most normal adult tissues. Its e;q,ressipn in tumor cells suggests that Uvin, as it is assrxmed 
for other lAPs, may contribute to tumorigenesis by causing apoptosis resistance 
Consequently, inhibition of Hvin expression may represent an interesting therapeutic 
strategy to specifically correct the ^optosis deficiency of tumor cells. 

Generally, the inhibition of protein expression can be exerted by several different 
strategies. The patent application WO-A 00/77201 describes a variety of molecules either 
on the nucleic add or on the protein level, which are able to interfere with or down- 
regulate the expression of Uvin. For example, therapeutic antibodies against the Uvin 
protem can be used to antagonize endogenous Uvin and, thus, for the treatment of diseases 
associated with altered apoptosis, such as cancers. Furthermore, WO-A 00/77201 provides 
nucleic add sequences that hybridize to the Uvin encoding DNA and mRNA, respectively 
Accordmg to the dted patent appUcation the nucleic acid molecules, particularly anti-sense 
molecules, can be used as tools for modulating the expression of the Uvin gene For 
example, the expression of an anti-sense molecule representing the complete Uvin cDNA 
m anti-sense orientation led to a marked induction of apoptosis. This approach, though, 
bears the disadvantage that a regulated induction of apoptosis is not possible in cases of 
cancer where only a moderate ^optotic response is desired. 

A promising tool to down-regulate and int^fere with the expression of proteins has been 
developed according to the observation that double-stranded RNA molecules (dsRNA) 
with homology to a defined sequence within a gene acts as a 'trigger" for post- 
ti^cnptional gene silendng (PTGS). The unique aspect of this process named "RNA 
mterference" (RNAi) is its exquisite sequence-specifidty. leading to the degradation of the 
targeted mRNA. RNAi has been originally discovered as a mechanism of PTGS in plants 
^d animals (Fire et al., 1998, Nature, vol. 391, pages 806-811). In mammaUan cells 
RNAi can be achieved by transfecting 19-21 nudeotide (nt) small interfering siRNA^ 
which are complementary to the mRNA sequence of a given target gene (Elbashir et al 
2001, Nature, vol. 411, pages 494-498), indicating that RNAi may serve as a powerful 
technology to specifically block the expression of target genes. As such, the use of siRNAs 
to inhibit the expression of defined target genes has obvious thempeutic potential 
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The applicant has found that siRNAs being homologoois to a distinct region on the Uvin 
cDNA resulted in an inhibition of livin gene expression which was associated with a 
strongly increased apoptotic response. The observed effect was enhanced in the presence 
of pro-^optotic agents, indicating that the interference with livin leads to a sensitization 
for pro-apoptotic stimuli, hi addition, the inventors circumvented the transient nature of 
transfected siRNAs and the requhrements for their chemical synthesis by exploiting vector 
systems which are allow the expression of siRNAs. 

Thus, a first aspect of the present invention refers to the use of a nucleic add, preferably a 
RNA, containing the sequence of SEQ ID NO: 1, a fragment or derivative thereof to 
prepare siRNA which sensitizes therapy-resistant tumor cells for apoptosis. 

A second aspect of the present invention refers to the use of a nucleic acid, preferably a 
RNA containing the sequence of SEQ ID NO: 2, a fragment or derivative thereof to 
prepare siRNA which sensitizes therapy-resistant tumor cells for apoptosis. 

The sequence of SEQ ID NO: 1, which is preferably a RNA corresponds to nucleotides 
611-629 of the coding sequence of the livin gene as disclosed by gene bank accession no. 
AF311388. The sequence of SEQ ID NO: 2 corresponds to nucleotides 648-666 according 
to the same gene bank acc^sion number. 

In the context of the present invention, the terms "fragment and derivative" refer to nucleic 
adds that may differ from the origmal nucleic acid in that they are extended or shortened 
on dther the 5' or the 3' end, on both ends or internally, or extended on one end, and 
shortened on the other emd, provided that the ftmction of the resulting siRNA, namely &e 
down-regulation of the target protein, is not abolished or inhibited. The teons "fragment 
and derivative" also refer to nucldc adds that may differ from the original nucldc add in 
that one or more nucleotides of the origmal sequence are substituted by other nucleotides 
and/or (chemically) modified by methods available to the skilled artisan, provided that the 
fimction of the resulting siEiNA is not aboUshed or inhibited. 

The person of skiU in the art knows how to prepare siRNA when the above disclosed 
nucleic acids, particularly RNAs, are provided. Briefly, the strands complementary to the 
nucldc acids of the present iavention are synthesized by any available method and the 
complementary strands are annealed to the nucleic add of the present invention under 
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appropriate conditions. TTie annealing conditions, e.g. temperatures and incubation periods, 
may be adjusted according to tie respective nucleic acid sequence. 

la order to exert the desired function, i.e. the induction of apoptosis in therapy-resistant 
cells, the siRNAs prepared from the above nucleic acids of the present invention, are 
ddivered into target cells. 



There are several weU-known methods of introducing nucleic acids into animal cells, any 
of which may be used in the present invention and which depend on the host. Typical hosts 
include mammaUan species, such as humans, non-human primates, dogs, cats, cattle 
horses, sheep, and the like. At the simplest, the nucleic acid can be directly injected into 
the target cell / target tissue. Oflier methods include fusion of the recipient cell with 
bacterial protoplasts containing the nucleic acid, the use of compositions like calcium 
chloride, rubidium diloride, Uthium chloride; calcium phosphate, DEAE dextran, cationic 
Upids or Kposomes or methods like receptor-mediated endocytosis. bioHstic particle 
bombardment ("gene gun" method), infection witii viral vectors, electroporation, and the 



Uke 



In a preferred embodiment of tiie present invention, the siRNAs are deHvered to the cell by 
using Uposomes. Another option may include the direct appUcation of siRNAs by 
hydrodynamic, high pressure injection into the blood stream. 

The effect of siRNAs. i.e. the reduction of the expression of a certain gene, is considered to 
be only tiransient when tbey are directly appUed to cells as described supra. In order to 
achieve a stable production of siRNAs in therapy-resistant cells it can be advantageous if 
the nucleic add, preferably a DNA, encoding the respective target siRNA is integrated in 
an expression vector. Providing suitable elements, as described hereinafter, the DNA is 
tianscribed into the corresponding RNA which is capable of forming ihe desired siRNA. 

The expression vector is preferably a eukaryotic expression vector, or a retroviiBl vector, a 
plasmid, bacteriophage, or any other vector typically used in the biotechnology field. If 
necessary or desired, the nucleic acid can be operatively linked to regulatory elements 
which direct the synthesis of a mRNA in pro- or eukaryotic cells. Such regulatory dements 
are promoters, enhancers or transcription termination signals, but can also comprise intxons 
or similar elements, for example those, which promote or contribute to the stabiUty and the 
amplification of the vector, the selection for successfid dehvery and/or the integration into 
the host's genome, like regions that promote homologous recombination at a desired site in 
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the genome. For therapeutic purposes, the use of retroviral vectors has been proven to be 
most appropriate to deliver a desired nucleic acid into a target cell. 

In a preferred embodiment of the present invention, a nucleic acid, preferably a DNA, 
which is suitable for the preparation of siRNA that induces ^optosis is introduced into a 
vector whidi allows for the production of a double-stranded (ds) KNA molecule. Such 
vectors are known to the person skilled in the art. To drive the expression of siRNAs these 
vectors usually contain RNA polymerase m promoters, such as the HI or U6 promoter, 
since RNA polymerase HI expr^ses relatively large amounts of small RNAs in 
mammalian cells and terminates transcription upon incorporating a string of 3-6 uridines. 
Type m promoters lie completely Tq)stream of the sequence being transcribed which 
eliminates any need to include promoter sequeace in the siRNA. If the DNA encoding the 
desired siRNA should be transcribed from one promoter, the preferred DNA should tiius 
contain the desired coding region of lie livin gene to be targeted as well as its 
complementary strand, wherein the coding and its complementary strand are separated by a 
nucleotide linker, allowing for the resulting transcript to fold back on itself to form a so- 
called stem-loop structured 

An example for such an expression vector which allows for the production of dsRNA 
directly in the target cell is the so-called pSUPER (Supression of Endogenous RNA). The 
vector itself and the mechanism how the dsRNA is produced by using said vector is 
described in Brummelkamp et al., 2002, Science, Vol. 296, pages 550-553. Another 
example of such a vector named pSilencer (Ambion) was developed by Sui et al., 2002, 
Proc. Natl. Acad. Sd. Vol. 99, pages 5515-5520. 

Therefore, another object of the present invention is the use of a nucleic acid, preferably a 
DNA, containing the sequence of SEQ ID NO:3, a fragment or derivative thereol^ to 
prepare siRNA which induces apoptosis in therapy-resistant cells. SEQ ID NO:3 comprises 
the DNA corresponding to the RNA depicted in SEQ ID NO:l, a linker, and the 
complementary strand to said DNA. 

Furthennore, an object of the present invention is the use of a nucleic acid, preferably a 
DNA, containing the sequence of SEQ ID N0:4, a fragment or derivative thereol^ to 
prepare siRNA which induces apoptosis in therapy-resistant cells. SEQ ID NO:4 comprises 
the DNA corresponding to the RNA depicted in SEQ ID NO:2, a linker, and the 
complementary strand to said DNA. 
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nud».d« ong and M„« p^feably i. is 9 nucleotides long. Tie Jer caT^ 
suitable nucleotide seouence Pnr fi^o ^ * • ^cin consist or any 

.o..o.sBp„,rn^^t=r:::r^r^"^*=~ 

T« \ "s^A IS dnven from two promoters, either the same or different 

omssible. It IS ftnher obvious to the one skffled in tbe art that in this case the DNA, 

ci ai., ^uu2. Nature Biotechnology, Vol. 1$ naees snn ^n-; 
^„ nucleic acids containing the nucleotides MS togeth^X^ ^^^eill^B^ 
ID N0.3 or 4 are n:serted into the allocated sites of the veotor(s). In &e oon^f^ 
^ZTT'^ the nucleic acids containing the nucleotides 1-19 or 2 Jt^X SEQ 

vector containing the DNAs of die present invention can be introduced into the ti^get 

P^^des are usually intod ti, the nucleic acid to be deUver^ in a non-LvaleZZ 

m m peptides are conten^lated whiA nmnlc and act as efficiently as viruses for 
gene dehve^ witiiout ti«ir Citations of inducing immune responses JIZ~^ 
^amples of peptides fbnning pepttde-DNA complexes for an ioient deliv^ SH^U 
compnse DNA-condensmg motifi such as polyamines and modifications I3 a^" 
.-geting mctife such as ROD, endosomolytic peptides such as INF ^ ^IlTZ 
nuclear localization sequences (NLSl eo Hpri^Jfi. .,. " °r QAIA, and 
40 vims An 7^ * 6<m tte large tumor antigen of Sunian 
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A further object of the present invention refers to a method for down-regulating livin in 
therapy-resistant tumor cells in ordor to increase caspase-3-like activities and, thus, 
sensitize ther^y-resistant tumor-cells for apoptosis. The method comprises contacting a 
therapy-resistant tumor cell with a siRNA containing the sequence of SEQ ID NOs: 1, 2, 3, 
and/or 4. 

As indicated supra the siRNAs of the present invention sensitize tumor cells for apoptosis 
and, as a consequence, render such cells more susceptible to various treatinent methods 
employed in tumor therapy. 

Accordingly, the siRNAs as disclosed in the present invention can be used as a 
pharmaceutical, optionaUy in combination with radiation therapy and/or at least one active 
compound, for flie treatment of therapy-resistant cancers. This is a further embodiment of 
the present invention. 

First, the phrase "radiation therapy" refers to the use of electromagnetic or particulate 
radiation in tiie hreabnent of neoplasia. Radiation therapy is based on the principle tiiat 
high-dose radiation deUvered to a target area will result in the death of reproductive cells in 
both tumor and normal tissues. The radiation dosage regimen is generally defined in terms 
of radiation absorbed dose (rad), time and fractionation, and must be carefully defined by 
the oncologist The amount of radiation a patient receives will depend on various 
consideration but tiie two most important considerations are tiie location of the tumor in 
relation to other oitical structures or organs of the body, and the extent to which the tumor 
has spread. Examples of radiotherapeutic agents are provided in, but not Ihnited to, 
radiation ther^y and is known in the art (Helhnan, Principles of Radiation Therapy,' 
Cancer, in Principles and Practice of Oncology, 24875 Pevita et al., 4* ed., vl, 1993). 
Recent advances m radiation ther^y include three^ensional confoimal external beam 
radiation, intensity modulated radiation ther^y (IMRT), stereotactic radiosurgery and 
brachyfherapy (interstitial radiation tiierapy), the latter placing the source of radiation 
directiy mto the tiimor as implanted "seeds". These newer tireatonent modaHties dehver 
greater doses of radiation to the tumor, which accounts for their increased ejffectiveness 
when compared to standard external beam radiation therapy. 



Ionizing radiation with beta-emitting radionucUdes is considered the most useful for 
radiotherapeutic appUcations because of the moderate linear energy transfer (LET) of tiie 
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.omzmg partcle (el«*on) and it. intemediate range (typicdly s«e™l r^in^ in 
f^). Ganm^ rays deHver dosage at lower levek ov^ much greater distances. Alpha 
pamdes represent tte other extreme; they deUver very high LET dosage, but have an 
extremely hnnted ran^ and must, therefore, be in intimate contact with the ceUs of the 
ttssne to tr^ m addition, alpha emitters are generally heavy metals, which Umits the 
possible chamstry and presents undue hazards from leakage of radionuclide from the area 
to be Dq«nding on the tumor to be treated aU kinds of emitters are conceivable 

withm the scope of the present invention. 

FJ^or^ the present invention encompasses types of non-ionizing radiation hke e.g 
^travto let (UV) radiation, high energy visible Hght mic^wave radiation (h«,er,hannfa 
therapy), mfrarrf (m) r^on.and las«. m a particular embodiment of the present 
mvention UV radiation is irolied fiesent 

G^erally. radiation therapy can be combined temporally wifl, ofter active compounds 
listed below to mrprove theoutcome of treatment There are various terms desaibe flie 
temporal relatronship of administering radiation ther^y u,ge(her wia other active 
compouncb^ and a.e foUowing examples are .he preferred treatment regimens and are 
generaUy known by those skilled in the art and are provided fer illus.ra«on only and are 
no. mte.ded to hmit 4e use of other combinations. Administration of radiation tter^y 
wrth oaer act,ve compounds can be "sequential". i.e. separately in time in order to allow 
tTT"""- -l^* -fers to the administ^tion on the same 

day and, findly "alt^nating" which refers to the administration of radiation therapy on 
lie days m whroh otter active compounds would not have been administered. 

Tbe tem -active compound- refas to a compound other than fl>e nucleic add which is able 
to mduce apoptosrs or which mMWts ceU proliferation. Active compounds which are able 
to mduce ptosis are known to ae pwson skffled in (he art 

One class of active con,»unds are ch«nical compounds having a cytostatic or anti- 
neoplastic effect ("cytostatic compom^'O. Cytostatic compounds included m fire present 
mvention com^se. but are not restricted to (i) antimetaboHtes, such as cytLine 
audarabme. 5-fluoro.2-.d«xyuiridine. g^tabine, hydroxymea or mettctr^ (il 
DNA-fragno^tmg agents, such as bleomycin, (iii) DNA-orosslinking agents, such as 
chlorambucd, asplatin, cyclophosphamide or nitiogen mustard; (iv) int«calating agents 
such as adnamycm (doxorubicin) or mitoxan.rone;.(v) protein synfliesis inhibitors. suA as 
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L-asparagmase, cycloheximide, puromycin or diphteria toxin; (vi) topoisomerase I poisons, 
such as camptothedn or topotecan; (vii) topoisomerase U poisons, such as etoposide (VP- 
16) or teniposide; (viii) microtubule-directed agents, such as colcemid, colchicine, 
pacUtaxel, vinblastine or vinmstine; (ix) kinase inhibitors such as flavopiridol' 
staurospoiin, STI571 .(CPG 57148B) or UCN-01 (7-hydroxystaurosporine); (x) 
miscellaneous investigational agents such as thioplatin, PS-341. phenylbutyrate, ET-18- 
OCH3, or famesyl transferase inhibitors (L.739749, L-744832); polyphenols such as 
quercetin, resveratrol. piceatannol, epigallocatechine gaUate, theaflavins, flavanols, 
procyanidins, betulinic acid and derivatives thereof, (xi) hormones such as glucocorticoids 
or fenretinide; (xii) hormone antagonists, such as tamoxifen, finasteride or LHRH 
antagoiusts. 

In a preferred embodiment of the present mvention flie cytostatic compound is selected 
from tbe group consisting of cisplatin. doxorubicin and pacUtaxel. Most preferred, the 
cytostatic compound is doxorubicin. 

Anoliier class of active compounds which can be used in the present invention are those 
which are able to sensitize for or induce apoptosis by binding to death receptors ("death 
receptor agonists"). Such agonists of death receptors include death receptor Ugands such as 
tumor necrosis factor a (TNF-a), tumor necrosis factor p (TNF-p, lymphotoxin-a), 
aymphotoxin-P), TRAIL (Apo2L, DR4 Ugand), CD95 (Fas. APO-1) Ugand, TRAMP 
G5R3, Apo-3) Ugand, DR6 Ugand as well as fragments and derivatives of any of said 
Ugands. Preferably, the death receptor Ugand is TNF-a. 

Furthermore, death receptors agonists comprise agonistic antibodies to death receptors 
such as anti-CD95 antibody, anti-TRAIL-Rl (DR4) antibody, anti-TRAIL-R2 (DR5) 
antibody, anti-TRAIL-RS antibody, anti-TRAIL.R4 antibody. anti-TRAIL-R5 
(osteoprotegerin) antibody, anti-DR6 antibody, anti TNF-Rl antibody and anti-TRAMP 
(DR3) antibody as well as fragments and derivatives of any of said antibodies. 

FinaUy, a class of active compounds which can be used in combination with the siRNAs of 
the present invention are peptides, proteins or small molecule inhibitors which negatively 
regulate or inhibit anti-apoptotic proteins. Examples of negatively regulating peptides 
include Smac^IABLO, NRAGE and TAKl. fragments and derivatives thereof, which 
particularly inhibit lAPs. Ttese peptides may be modified in a way that they can be rapidly 
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intemalized into tumor ceUs by cellular uptake. The modification can occur by attaching a 
carrier peptide that mediates said cellular uptake. 

The nucleic add of the present invention can be administered alone or in combination with 
radiation and/or one or more active compounds. The latter can be administered before, 
after or simultaneously with the administration of the nucleic acid. The dose of either the 
nucleic add or the active compound as well as the duration and the temperature of 
incubation can be variable and depends on the target that is to be treated. 

A further object of the present invention are phannaceutical preparations which comprise 
an effective dose of at least one nucldc add and/or at least one active compound and a 
pharmaceuticaUy acceptable carrier, i.e. one or more phaimaceutically acceptable carrier 
substances and/or additives. 



The pharmaceutical according to the invention can be administered orally, for example in 
the fonn of pills, tablets, lacquered tablets, sugar-coated tablets, granules, hard and soft 
gelatin c^sules, aqueous, alcoholic or oily solutions, syrups, emulsions or suspensions, or 
rectally, for example in the form of siippositories. Administration can also be carried oitt 
parenterally, for example subcutaneously, intramuscularly or intravenously m the form of 
solutions for injection or infusion. Other suitable administration forms are, for example, 
percutaneous or topical administration, for example -in the form of ointments, tinctures, 
sprays or transdermal therapeutic systems, or the inhalative administration in the form of 
nasal sprays or aerosol mixtures, or, for example, microcapsules, implants or rods. The 
preferred administration form depends, for example, on the disease to be treated and on its 
severity. 

The preparation of the pharmaceutical compositions can be carried out in a manner known 
per se. To this end, the nucleic acid and/or "the active compound, together with one or more 
solid or liquid pharmaceutical carrier substances and/or additives (or auxiliary substances) 
and, if desired, in combination with other pharmaceutically active compounds having 
therapeutic or prophylactic action, are brought into a suitable administration form or 
dosage form whi(3i can then be used ais a pharmaceutical in human or veterinary medicine. 
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For the production of pills, tablets, sugar-coated tablets and hard gelatin capsules it is 
possible to use. for example, lactose, starch, for example maize starch, or starch 
denvatives, talc, stearic acid or its salts, etc. Carriers for soft gelatin capsules and 
siqjpositories are, for example, fats, waxes, semisolid and Uquid polyols, natural or 
hardened oils, etc. Suitable carriers for the preparation of solutions, for example of 
solutions for injection, or of emulsions or syrups are, for example, water, physiological 
sodium chloride solution, alcohols such as ethanol, glycerol, polyols, sucrose, invert sugar 
glucose, mannitol, vegetable oils. etc. It is also possible to lyophilize the nucleic adi 
and/or the active compound and to use the resulting lyophilisates, for example, for 
prepanng preparations for injection or infusion. Suitable carriers for microcapsules 
implants or rods are, for example, copolymers of glycoHc add and lactic add 



Tlie pharmaceutical preparations can also contain additives, for example fillers 
dismtegrants, binders, lubricants, wetting agents, stabilizers, emulsifiers, dispersants' 
preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners, diluents buffed 
substances, solvents, solubilizers. agents for achieving a depot effect, salts for altering the 
osmotic pressure, coating agents or antioxidants. 

The dosage of the nuddc add, in combination with one or more active compounds to be 
admmistered, depends on the individual case and is, as is customary, to be ad^ted to the 
mdividual drcumstances to achieve an optimum effect. Thus, it depends on the natiire and 
tiie seventy of the disorder to be ti-eated, and also on the sex, age, wdght and individual 
responsiveness of the human or animal to be tieated, on tiie efficacy and duration of action 
of die compounds used, on whether the therapy is acute or chronic or prophylactic, or on 
whelher other active compounds are administered in addition to tiie nudeic acid. 

The nucldc add according to the present invention, respectively the medicaments 
containmg flie latter, optionally in combination with one or more active compounds can be 
used for the tieatinent of aU cancer types which are resistant to apoptosis due to the 
expression of livin. 

Examples of such cancer types comprise neuroblastoma, intestine cardnoma such as 
rectum carcmoma, colon carcinoma, femfliary adenomatous polyposis cardnoma and 
hereditary non-polyposis colorectal cancer, esophageal cardnoma, labial carcinoma, larynx 
carcmoma, hypopharymc carcinoma, tong cardnoma, salivary gland carcinoma, gastiic 
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carcinoma, adenocarcinoma, medullary thyroid carcinoma, papiUary thyroid carcinoma, 
folUcular thyroid carcinoma, anaplastic thyroid carcinoma, renal carcinoma, kidney 
pareachym carcinoma, ovarian carcinoma, cervix carcinoma, uterine corpus carcinoma, 
endometrium carcinoma, chorion carcinoma, pancreatic carcinoma, prostate carcinoma, 
testis carcinoma, breast carcinoma, urinary carcinoma, melanoma, brain tumors such as 
gUoblastoma, astrocytoma, meningioma, meduUoblastoma and peripheral neuroectodermal 
tumors. Hodgkdn lymphoma, non-Hodgkin lymphoma, Burkitt lymphoma, acute lymphatic 
leukemia (ALL), chronic lymphatic leukemia (CLL). acute myeoHd leukemia (AML) 
chronic myeloid leukemia (CML), adult T-ceU leukemia lymphoma, hepatoceUula^ 
carcinoma, gall bladder carcinoma, bronchial carcinoma, small ceU lung carcinoma, non- 
smaU ceU lung cardnoma, multiple myeloma, basaHoma, teratoma, retinoblastoma, 
choroidea melanoma, seminoma, rhabdomyosarcoma, craniopharyngeoma, osteosarcoma, 
chondrosarcoma, myosarcoma, Kposarcoma, fibrosarcoma, Ewing sarcoma and 
plasmocytoma. 

Examples of cancer types where die use of the siRNAs according to tbe present invention. ' 
respectively the medicaments containing the latter, is particularly advantageous include 
cervical carcinoma and melanoma. 



Furthermore, the inventors have' found that it can be advantageous to specifically down- 
regulate either Kvin-alpha or livin-beta with siRNAs that are specific for either livin-alpha 
or Uvin-beta. Livin-alpha and Uvin-beta are differentially spUced fomis of Hvin and may be 
present in di£ferent tumors. 

Thus, anoliier aspect of the present invention refers to the use of a nucleic acid, preferably 
a RNA, containing the sequence of SEQ ID NO: 6, a fragment or derivative thereof to 
prepare siRNA which sensitizes therapy-resistant tumor cells for apoptosis. 

Another aspect of the present invention refers to the use of a nucleic add, preferably a 
RNA containing the sequence of SEQ ID NO: 7, a fragment or derivative thereof, to 
prepare siRNA which sensitizes therapy-resistant tumor cells for apoptosis. 

In the context of Ibe present invention, the temis "firagment and derivative" has essentially 
the same meaning as described supra. 
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The SiRNAs are prepared according the methods described supra for the SEQ ID NOs:l 
and 2. Furthermore, the siRNAs prepared from the above nucleic acids of the present 
invention are deHvered into target cell according to methods weU-known to the skilled 
artisan and as described supra. 

Advantageously, the nucleic acid, preferably a DNA encoding the respective target si RNA 
is integrated in an expression vector as described supra. 

Therefore, another object of the present invention is the use of a nucleic acid, preferably a 
DNA. containing the sequence of SEQ ID NO:8, a fragment or derivative thereof to 
prepare siRNA which induces apoptosis in therapy-resistant cells. SEQ ID NO:8 comprises 
the DNA corresponding to the RNA depicted in SEQ ID NO:6, a linker, and the 
con^lementary strand to said DNA. 

Furthennore. an object of the present invention is the use of a nucleic acid, preferably a 
DNA, containing the sequence of SEQ ID NO:9, a fragment or derivative thereoj^ to 
prepare siRNA which induces apoptosis in therapy-resistant ceUs. SEQ ID NO:9 comprises 
the DNA corresponding to the RNA depicted in SEQ ID NO:7, a linker, and the 
complementary strand to said DNA. 

Preferably, the nucleic acids containing the sequence of SEQ ID NOs: 8 or 9 are inserted in 
a expression vector which allows for the production of dsRNA in the target cell, for 
example the pSUPER vector as described in detail supra. 

The introduction of the vector into the target cell can occur by any of the methods 
described above. 

A further object of the present invention refers to a method for down-regulating Uvin in 
therq)y-resistant tumor cells in order to increase caspase-3-like activities and, thus, 
sensitize therapy-resistant tumor-ceUs for apoptosis. The method comprises contacting a 
therapy-resistant tumor cell with a siRNA containing the sequaice of SEQ ID NOs: 6, 7, 8, 
and/or 9. 

Accordingly, the siRNAs as disclosed above in the present invention can be used as a 
pharmaceutical, optionally in combination with radiation therapy and/or at least one active 
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compound, for the treatment of therapy-resistant cancers. This is a further embodiment of 
the present inventioiL 

The phrase "radiation therapy" has the meaning as described supra for the use of siRNAs 
referring to SEQ IDNOs: 1-4. 

The phrase "active compound" has the meaning as described supra for the use of siRNAs 
referring to SEQ ID NOs: 1-4 and comprises the same forms of active compounds as 
above. 

A further object of the present invention are pharmaceutical preparations which comprise 
an effective dose of at least one nucleic acid containing liie sequence of SEQ ID NO:6, 7, 
8, and/or 9 and/or at least one active compound and a phannaceutically acceptable caiiier,' 
i.e. one or more phannaceutically acceptable carrier substances and/or additives. 

The respective pharmaceutical preparations are administered and prepared as described 
supra. 

The nucleic acid containing the sequence of SEQ ID NO:6, 7. 8, and/or 9, respectively tiie 
medicaments containing the latter, optionally in combination wilii one or more active 
compounds can be used for the treatment of all cancer types which are resistant to 
apoptosis due to the e3q)ression of livin. 

Examples of such cancer types comprise the cancer types as listed supra in the context of 
the nucleic acids containing the sequence of SEQ ID NO:l, 2, 3, and/or 4. 



DESCRIPTION OF THE DRAWING 



Figure 1. siRNA-mediated inhibition of Livin expression, (a) Predicted secondary 
structure of pSUPER-Livin-1 and pSUPER-Iivin.2 transcripts, (b) Weston blot analysis 
of Livm protein expression in MeWo melanoma, H1299 lung cancer and HeLa cervical 
carcinoma cells, tubulin: detection of a-Tubulin protein expression to monitor equal 
loadmg between individual lanes, (c) hihibition of Livin protein expression in HeLa cells 
by pSUPER-Livin-1 and pSUPER-Livin-2. Control vector pSUPER-Luc expresses siRNA 
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:argeting the P, pyralis luciferase gene, (d) Reduction of livin transcripts in HeLa cells by 
jiRNA targeting of Uvin. Northern blot analysis of poly- A^-RNA isolated from HeLa cells 
iransfected with pSUPER-Uvin-1, pSUPER-Livin-2, or control transfected HeLa cells, 
respectively. GAPDH: detection of glycerylaldehyde-3-phosphate dehydrogenase 
transcripts. 

Eigare 2. siRNA against LiAdn increases Caspase-3 activities in HeLa cells. Livin-positive 
HeLa and livin-negative H1299 cells were transfected with either pSUPER-Livin-2 or 
control vector pSUPER-Luc. DBVD-pNA hydrolysis was measured in cytosolic extracts 
48 hours post-transfection. Indicated are the Caspase-3 activities of pSUPER-Livin-2- 
transfected cells relative to control transfectants (pSUPER-Luc), arbitrarily set at 1.0. 
Values represent the means obtained from at least three independent transfections, error 
bars indicate the standard deviations. Inclusion of the specific Caspase-3 inhibitor DEVD- 
fink blocks pSUPER-Livin-2-induced hydrolysis of DEVD-pNA. 

Figure 3. pSUPER-Livin-2 leads to promoted cleavage of Caspase-3 and Poly(ADP- 
ribose) polymerase (PARP). Westem blots detecting Caspase and PARP expression 
patterns in pSUPER-Livin-2 or pSUPER-Luc transfected HeLa cells, either untreated, or 
following exposure to the pro-apoptotic stimuli doxorabicin, u.v.-irradiation, or TNF-a. 
Tubulin: detection of a-Tubulin protein expression to monitor equal loading between 
individual lanes. 

Figure 4. siRNA-mediated targeting of livin strongly sensitizes HeLa cells toward pro- 
apoptotic stimuli. HeLa cells were transfected with control vector pSUPER-Luc or 
pSUPER-Livin-2. Cells were either left untreated or exposed to doxorabicin, u.v.- 
irradiation, or TNF-a. (a) Total DNA was stained with DAPI, cells undergoing apoptosis 
were visualized by TUNEL. (b) Percentage of TUNEL positive cells. 

Figure 5, siRNA-mediated targetmg of livin selectively blocks the growth of Livin- 
positive cancer cells through induction of apoptosis. (a) Colony formation assays of H1299 
cells (Livin-negative) and HeLa and MeWo cells (both Livin-positive). Cells were 
transfected with either pSUPER-Livin-2 or control vector pSUPER-Luc, together with 
pSV2Neo, and grown for 6-10 days in the presence of Geneticin to select for stable 
transfectants. Colonies were fixed with formaldehyde and stained with crystal violet, (b) 
After 4 days of selection, HeLa cells were investigated for signs of apoptosis. Please note 
that the reduction of cell numbers in the presence of pSUPER-Livin-2 is even more 
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pronounced, since a five-fold lower number of pSUPER-Luc transfected control cells was 
plated for this figure, in order to avoid confluency. Total cellular DNA was stained with 
DAPI. cells undergoing apoptosis were visualized by TUNEL assay. 

Figure 6. (a) Reduction of Kvin expression in H1299 cells by siRNA targeting of livin. 
Western Blot analysis of H1299 ceUs transfected with pcDNA3-Uvin-alpha or pcDNA3- 
Uvin-beta, pSUPER-Livin-2. pSUPER.Uvin-4.1. pSUPER-Uvin-4.4. pSUPER-Uvin-5. 
pSUPER-Uvin-6. or control (pSUPER-Luc) transfected H1299 ceUs. respectively, (b) 
Western blot analysis of endogenous Uvin expression in transfected HeLa cells. 

Figure 7. Colony formation assays of H1299 and C33a cells (Uvin-negative) and HeLa 
and MeWo ceUs (both Uvin-positive). CeUs were transfected with either pSUPER-Uvin-2. 
pSUPER-Livin-4, pSUPER-Livin-6 or control vector pSUPER-Luc, together with 
pSV2Neo. and grown for 6-10 days in the presence of Geneticin to select for stable 
transfectants. 



Figure 8. (a) HeLa cells were transfected with one of pSUPER constructs, 36 hours post 
transfection exposed to a single dose of SOJ/m^ UV-irradiation and harvested 12 hours 
later. The cells were stained with 4'.6-diaminidino-2-phenylindole (DAPI), apoptotic ceUs 
were identified on the basis their typical morphological changes and counted. The figure 
shown the percentage of apoptotic cells, (b) pSUPER-Uvin-2 and pSUPER-Uvin-6 lead to 
promoted cleavage of Caspase-3 and Poly(ADP-ribose) polymerase (PARP). Western blots 
detecting Caspase and PARP expression patterns in pSUPER-Uvin-2 Qane 2), -4 Gane 3), 
-6 aane 4). or pSUPER-Luc Qan& 1) transfected HeLa cells. 

Figure 9. (a) Uvin siRNA does not decrease the expression of mutant Uvin. Western blot 
analysis of ceUs transfected with wildtype and mutant alpha and beta Uvin constructs 
together with pSUPER-Livin 2. (b) Mutant Uvin-beta efficiently reverses pSUPER-Uvin-2 
mediated increase of apoptotic ceUs. Total ceUular DNA was stained with DAPI. ceUs 
undergoing apoptosis were visuaUzed by TUNEL assay. 
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The invention is further iUustrated by the following examples: 
EXAMPLES 

Example 1: Livin-1 and Livm-2 siRNAs reduce Uvin transcripts and inhibit 
endogenous livin protein expression 

Two RNAi target regions, Uvin-1 and Hvin-2, were selected from the Uvin cDNA 
following the recommendations for the design of efficient siRNA sequences 
(Brummelkamp et al., 2002). Both sequences are present in the two spUce fomis of Uvin, 
livin a (KIAP) and Livin p (ML-IAP) known to the skilled artisan. They were introduced 
into the pSUPER vector system in the form of synthetic oUgonucleotides. consisting of the 
respective 19 nt target sequences, separated by a 9 nt spacer from the reverse complement 
of the 19 nt target sequences, yielding pSUPER-Livin-1 and pSUPER-Uvin-2. The 
predicted secondary structures of the plasmid-derived transcripts are depicted in Figure la. 

HeLa ceHs were chosen for RNA interference, since they express endogeneous Uvin 
protein (Figure lb) and they reproducibly exhibited high DNA transfection efficiencies of 
more than 85% following calcium phosphate co-precipitation. After transfection, both 
pSUPER-Uvin-1 and pSUPER-Livin-2 siRNAs efficiently inhibited endogeneous Livin 
protein expression (Figure Ic). This was not observed for the transfection control 
pSUPER-Luc, which specifically targets the non-cellular ^ofiy Phottnus pyralis luciferase 
gene for silencing (unpubUshed data).'ln contrast to Livin, the amounts of cellular Tubulin 
protem were not affected by either pSUPER-Livin-1 or pSUPER-Livin-2 (Figure Ic). Li 
further support that Uvin repression was caused by a specific siRNA effect, expression of 
both Uvin-1 and Uvin-2 siRNAs led to a clear reduction of Uvin Hanscripts in HeLa cells 
(Figure Id). Taken together, these results demonstrate that vector-bom siRNAs can 
specifically block Uvin gene expression in human cancer ceUs, with high efficiency. 

Example 2: Livin-2 siRNA increases caspase-3-like activities 

Since pSUPER-Livin-2 regularly suppressed endogeneous Uvin expression more strongly 
than pSUPER-Livin-1 (Figure 1), the former was chosen for subsequent analyses. It has 
been reported that Livin inhibits Caspase-3 activities following ectopic expression from 
heterologous promoters or in in vitro assays. In contrast to these studies, the siRNA 
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approach foUowed .in this study should aUow to analyze the effects of endogeneous Livin 
on cellular Caspase-3 activities. As shown in Figure 2, pSUPER-Livin-2 increased 
Caspase-3.1ike activities in HeLa cells, indicating that the down-regulation of Livin 
«q)ression is associated with a release of Caspase-3 from negative regulation by Livin. 
This conclusion is corroborated by the observation that the Caspase-3 inhibitor DEVD-fink 
completely inhibited the increase of DEVD-cleavage foUowing pSUPER-Livin-2 
ti^fection in HeLa cells (Figure 2). In further support for the specificity of the Livin- 
targeting siRNAs, induction of caspase-3 activities by pSUPER-Livin-2 was observed in 
Livin-expressing HeLa cells, but not in H1299 cells (Figure 2) which do not express 
endogeneous Livin protein (Figure lb). 



Examples: Livin-2 siRNA increases caspase-3 in livin-positive cells treated with 
pro-apoptotic stimuli 

It was investigated whether Hvin-2 siRNA can sensitize Livin-positive cells to pro- 
apoptotic stimuH. As shown, in Figure 3, pSUPER-Livin-2 clearly increased the 
concentrations of the active form of Caspase-3 foUowing treatinent of HeLa ceUs with 
doxorubidne, u.v.-iiradiation, and TNFa, when compared with control transfected cells 
(pSUPER-Luc). These events were associated witii promoted cleavage of tiie caspase 
substrate Poly(ADP-iibose) polymerase (PARP) for all three pro-apoptotic agents, as 
indicated by the increase in the fester migrating PARP cleavage product, in the presenci of 
pSUPER-Luc-2. Under the same experimental conditions, we did not observe a differential 
effect of pSUPER.Livin-2 on Caspase-?. -8, and -9 expression patterns, when compared 
with control transfected cells. 



Example 4: Livin-2 siRNA enhances apoptosis in livin-positive cells treated with 
pro-apoptotic stimuli 

In order to analyze the cellular consequences of siRNA-mediated silencing of tiie Hvin 
gene. TdT-mediated dUTP biotin nick end labeUng (TUNEL) analyses were perfonned, 
which allows the detection of apoptotic cells (Fig. 4a). In the absence of a pro-^optotic 
stimulus, the number of TUNEL-positive cells increased approximately 2-fold foUowing 
expression of pSUPER-Livin-2 (Figure 4a and b), indicating that siRNA directed against 
Uvin modestiy increases tiie spontaneous apoptosis rate of HeLa ceUs, in transient 
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transfections. However, apoptosis stimulated by doxorubicin, u.v.-iiradiation, and TNFa 
was strongly increased by pSUPER-Livin-2 in HeLa ceUs (Figure 4a and b). These results 
show that siRNA directed against Livin can strongly sensitize livin-positive cancer cells 
towards pro-apoptotic stimuli. 



Example 5: Stable expression of Livin-2 siRNA abolishes colony-formation capacity 
of livin-expressing cells and induces their apoptosis 

Colony formation assays were performed to analyze the effects of stable transfection of 
pSUPER-Livin-2 on the growth of tumor cells. To this end, HeLa cervical carcinoma, 
MeWo melanoma ceUs, and H1299 lung cancer cells were transfected with either 
pSUPER-Livin-2 or control vector pSUPER-Luc. In addition, pSV2Neo was cotransfected, 
to allow for the selection of transfected cells by neomycin resistance. As shown in Figure 
5a, pSUPER-Livin-2 had a strong inhibitory effect on Uvin-expressing HeLa cells, 
efficiently abolishing liieir colony formation capacity, when compared to control 
transfectants. TMs effect was specific for Livin-expressing ceUs, since it was also observed 
m MeWo cells, but not in Livin-H1299 cells (Figure 5a). In addition, HeLa cells stably 
transfected wifli pSUPER.Uvin-2 exhibited a massive induction of apoptosis when 
compared to contool-transfected cells, as visualized by a strong reduction in ceU numbers, 
moreased diromatin condensation, and a positive TUNEL assay (Figure 5b). These result^ 
show that the selection for stable pSUPER-Livin-2 transfectants results in the specific cell 
death of Livin-expressing cancer ceUs, through induction of apoptosis. 



Example 6: s jRNAs specific for tbe a and p isoform of Livin 
1. siRNA-mediated inhibition of Livin expression 

To investigate the role of the a and p isoform of Livin, we designed Hie constructs coding 
for the siRKA specifically recognizing only one of the both isofonns. The pSUPER-Livin- 
4 vector codes for siRNA against Uvin-a (nucleotide positions 825-843, according to 
NCBI Annotation project, accession number XM_012922; SEQ ID NO: 10), and pSUPER- 
Livin-6 codes for siRNA against livin-p (nucleotide positions 817-835, according to Kasof 
and Gomes, accession number AF3 1 1388, SEQ ID NO:l 1). 
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Sequences: 
pSUPER-Uvm-4 

GGGCGTGGTGGGITCTTGA (represents the csoding DNA of SEQ ID NO:6, and 
nucleotides 825-843 of SEQ ID NO: 10) 

pSUPER-Iivm-6 

AGCCAGGAGCCAGGGATGT (represents the coding DNA of SEQ ID NO:7, and 
nucleotide positions 817-835 of SEQ ED NO: 11) 

rhe specificity of siRNAs was checked in H1299 cells transiently transfected with 
pSUPER constructs and one of the livin isoform (in pcDNA3 vector, under the control of 
CMV promoter). 

As described supra, pSUPER-Livin-2 efficiently down regulates both Livin isoforms. 
pSUPER-Livm-4 down regulates only a isoform, only sUght less efficient than -Livin-2, 
and has no influence whatsoever on Livin-p ejspiession. The livin-p specific pSUPER- 
Livin-6 reduces expression only off the P-isoform, but is significantly less efficient 
(^)proximately 50% reduction) than pSUPER-Livin-2 (see Figure 6 a). 

rhe described constructs efficiently down regulate also endogenous LiviiL The Livin- 
positive HeLa cells were transiently transfected with one of pSUPER constructs and Livin 
3xpression was checked in the western blot 48 hours post transfection (as described); see 
Figure 6 b. 



2. siRNA mediated inhibition of livin isoforms blocks the growth of Livin-expressing 
zeUs 

\s described supra in Examyples 1-5, stable expression of pSUPER-constmcts coding for 
siRNA against both livin isoforms (pSUPER-Livin-2), leads to reduction of colony number 
specifically in Livin-positive cells (HeLa, MeWo). 

Dn the other hand, expression of the siRNA against livin-a (pSUPER-Livin-4) results in 
reduced growth only in MeWo ceUs, but not in also Livin-positive HeLa. In contrary, 
SiRNA against p-isoform (pSUPER-Livin-6) reduced colony number in both of the tested 
3ell lines, but in MeWo cell it is less efficient than siRNA against a-isoform. Both livin- 
.soform specific siKNAs have no effect in Livin-negative cells (Hi299 and C33a). Figure 7 
represents two independent experiments. 
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3, siRNA-mediated targeting of Uvin-beta sensitizes HeLa cells toward proapoptotic 
stimuli 

HeLa cells were transfected with one of pSUPER constructs. 36 hours post transfection 
exposed to a single dose of SOJ/m^ UV-irradiation and harvested 12 hours later. The ceUs 
were stained with 4',6-dianiimdino-2-phenyUndole (DAPI). apoptotic cells were identified 
on the basis their typical morphological changes and counted. The figure shown the 
percentage of apoptotic cells, and in accordance with colony formation assay results. Hela 
cells can be sensitized towards apoptosis by interfering with expression of the beta isoform 
of livin (See Figure 8 a). 

Additionally. pSUPER-Livin-6. but not pSUPER-Livin-4, leads to promoted cleavage of 
caspase-3 and PARP in HeLa cells, in Ihe same manner as pSUPER-Livin-2 (Figure 8 b). 



4. Mutant Livin-alpha and Livin-beta - reversion of the phenotype and possible tools in 
determination ofisoform specific roles 

In order to confirm that effects of pSUPER-Livin-2 are due to siRNA-mediated targeting 
of the Uvin gene, we constructed expression vectors pLivin-alphaMT and pLivin-betaMT. 
This vectors code for a mutant Uvin protein where 9 sUent mutations are intoduced into the 
target region for pSUPER-Ijvin-2. 

Sequence (nucleotides 648-668 of SEQ ID NO:l 1): 

Livin: ggaagagactttgtccacagt G R D F V H S 

LivinMT: ggcagggatttcgtgcattcc GRDFVHS 



Comparison of hvin and UvinMT DNA and protein sequences (bold nucleotides represent 
mutations: 

Livin: ggaagagactttgtccacagt GRDFVHS 

LivinMT: ggcagggatttcgtgcattcc GRDFVHS 
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in contrast to the efficient inhibition of the wild type Uvin. pSUPER-Livin-2 did not affect 

the expression of the mutant proteins. 

FoUowing transfection and subsequent UV-iiradiation of HeLa cells, pLivin-betaMT 
efficiently reverted the pSUPER-Livin-2-mediated increase in apoptotic cells back to ihe 
level of control transfected cells. 

This could not be achieved with pLivin-alphaMT. 

livin- alpha 



1 gtctggtggc aggcctgtgc ctatccctgc tgtccccagg gtgggccecg ggggtcagga 
61 gctccagaag ggccagctgg gcatattotg agattggoca tcagccccca tttctgctgo 
121 aaacctggto agagccagtg ttcoetocat gggacctaaa gacagtgcca agtgcctgca 
181 cogtggacca cagccgagcc actgggcagc cggtgatggt cccacgcagg agcgctgtgg 
241 accccgctct ctgggoagcc ctgtcctagg cctggaoacc tgcagagcct gggaccacgt 
301 ggatgggcag atcctgggcc agctgcggcc cctgacagag gaggaagagg aggagggcgc 
361 cggggccacc ttgtccaggg ggoctgcctt ccccggoatg ggctctgagg agttgcgtct 
421 ggcctccttc tatgactggc cgctgactgc tgaggtgcca cccgagctgc tggctgctgc 
481 cggcttcttc cacacaggcc atcaggacaa ggtgaggtgc ttcttctgot atgggggcct 
541 gcagagctgg aagcgogggg acgaoccctg gacggagcat gcoaagtggt tccccagctg 

til TollTsZ SSStggg ^llTtlT. ^gtgtgcagg agactcactc 

no, ^ ggcccctggg aoccgtggga agaaccggaa gacgcagccc ctgtggcccc 

721 ctccgtccct gcctctgggt accctgagct gccoacaccc aggagagagg tccagtctga 
781 aagtgcccag gagcoagg.g gggtcagtcc agcccaggcc cagagggcgt ggtgggttct 
841 tgagccccca ggagccaggg atgtggaggc gcagctgcgg cggctgcagg aggagaggac 
901 gtgcaaggtg tgcctggacc gcgccgtgto catcgtottt gtgocgtgcg gccaootggt 
961 ctgtgctgag tgtgcccccg gcctgcagot gtgocccatc tgcagagcoc ccgtccgcag 
1021 ccgcgtgcgc accttcctgt cotaggccag gtgccatggc cggccaggtg ggctgcagag 
1081 tgggctccct gcccctctct gcctgttctg gactgtgttc tgggcctgct gaggatggca 
1141 gagctggtgt ccatccagca ctgaccagcc ctgattcccc gaccaccgcc cagggtggag 
1201 aaggaggccc ttgcttggcg tgggggatgg cttaactgta cctgtttgga tgcttctgaa 
1261 tagaaataaa gtgggttttc cctggaggta aaaaaaaaaa aaaaaaaaaa aa 

797-815 - pSUPER-Uvin-3 
825-843 -pSUPER-Livin-4 
(nucleotides in bold represent spUcing sites) 
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livin-beta 



1 ccctgggata ctcccctocc agggtgtctg gtggcaggco tgtgcctatc cctgctgtcc 
61 ccagggtggg ccccgggggt caggagctcc agaagggcca gctgggcata ttctgagatt 
121 ggccatcagc ccccatttct gctgcaaacc tggtcagagc cagtgttccc tccatgggac 
181 ctaaagacag tgccaagtgc ctgcaccgtg gaccacagcc gagccactgg gcagccggtg 
241 atggtcccac gcaggagcgc tgtggacccc gctctctggg cagccctgtc ctaggcctgg 
301 acacctgcag agcctgggac cacgtggatg ggcagatcct gggccagctg cggcccctga 
361 cagaggagga agaggaggag ggcgccgggg ccaccttgtc cagggggect gccttccccg 
421 gcatgggctc tgaggagttg cgtctggcct ccttctatga ctggccgctg aotgctgagg 
481 tgccacccga gctgctggct gctgccggct tcttccacac aggccatcag gacaaggtga 
541 ggtgcttctt ctgctatggg ggcctgcaga gctggaagcg cggggacgao coctggacgg 
601 agcatgccaa gtggttcccc agctgtcagt tcctgctccg gtcaaaagga agagactttg 
661 tocacagtgt gcaggagact cactcccagc tgctgggctc ctgggacccg tgggaagaac 
721 cggaagacgo agcccctgtg gccccctccg tccctgcctc tgggtaccct gagctgccca 
781 cacccaggag agaggtecag tctgaaagtg cccaggagce aggagccagg gatgtggagg 
841 cgcagctgcg gcggctgoag gaggagagga cgtgcaaggt gtgoctggac cgcgcogtgt 
901 ccatcgtctt tgtgccgtgc ggccacctgg tctgtgctga gtgtgcoccc ggcctgcagc 
961 tgtgccccat ctgcagagoo occgtcogca gccgcgtgcg caccttcctg tcctaggcca 
1021 ggtgccatgg ccggccaggt gggctgcaga gtgggctccc tgcccctctc tgootgttct 
1081 ggactgtgtt ctgggcctgc tgaggatggc agagctggtg tccatccagc aotgaooagc 
1141 cctgattccc cgacoaccgc ccagggtgga gaaggaggcc cttgcttggc gtgggggatg 
1201 gcttaactgt acctgtttgg atgcttctga atagaaataa agtgggtttt occtggaggt 

809-827 - pSUPER-Livm-5 
817-835 -pSUPER-Livin-6 

(bold nucleotides represeait splicing site) 



MATERIALS AM> METHODS 



Oligonucleotides and plasmids 

Synthetic double-stranded oUgonucleotides with liie foUowing sequences were introduced 
onto vector pSUPER (Brummelkamp et al., 2002b): 
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5'-GTGGTTCCCCAGCTGTCAGttcaagagaCTGACAGCTGGGGAACCAC-3' fSEO ID 
NO:3,forUvm-l), - ^ 

5'-GGAAGAGACTTTGTCCACAttcaagagaTGTGGACAAAGTCTCTTCC-3' (SEQ ID 
NO:4. for liviii-2). They consist of 19 nt sequences derived from the Uvin gene (nucleotide 
positions 611-629 for Uvin-1 and 648-666 for Uvin-2, numbering according to Kasof and 
Gomes, accession number AF31 1388) which are separated by a 9 nucleotide linker Oower 
case letters) from the reverse complement of the same 19 nt sequence. For negative control 
pSUPER-Luc, double-stranded oligonucleotide 

5'-CATCACGTACGCGGAATACttcaagagaGTATTCCGCGTACGTGATG-3' (SEQ ID 
N0:5), which contains a 19 nt sequence complementary to the P. pyralis (variant GL3) 
ludferase gene, was introduced into pSUPER. 

Synthetic double-stranded oUgonucleotides with the following sequences were introduced 
mto vector pSUPER (Brummelkamp et al., 2002b): 

5'-GGGCGTGGTGGGTTCTTGAttcaagagaTCAAGAACCCACCACGCCC-3' fSEO ID 
NO: 8, for Uvin-4), 

5'-AGCCAGGAGCCAGGGATGTttcaagagaACATCCCTGGCTCCTGGCT-3' (SEQ ID 
NO:9, for Kvin-6). They consist of 19 nt sequences derived from the Hvin-alpha and Kvin- 
beta gene (nucleotide positions 825-843 of SEQ ID NO:10/Uvin-alpha for Uvin-4 and 
nucleotide positions 817-835 of SEQ ID NO:ll/Hvin-beta for livin-6) which are separated- 
by a 9 nucleotide linker (lower case letters) from the reverse complement of the same 19 nt 
sequence. 

Trarsfections, treatment with pro-apoptottc agents, and colony foitnation assays 
HeLa, MeWo and H1299 cells ware maintained in Dulbecco's minimal essential medium 
(pH 7.2), supplemented with 10% fetal calf serum. Exponentially growing HeLa cells were 
transfected by calcium-phosphate coprecipitation, yielding comparably high transfection 
efiSdencies of over 85%, as assessed by transfecting a green fluorescent protein (GFP) 
producing vector (not shown), hi transient transfections. ceUs were harvested 48 hours (h) 
after transfection for protein, caspase activity, and TUNEL analyses (see below). For u.v.- 
treatment, ceUs were exposed to a singje dose of 50J per ^ u.v. irradiation (Sfratalinker 
2400, Stratagene, Heidelberg, Germany) 36 h following fransfection and harvested 12 h 
foUowing irradiation. TNFa (Strathmann Boitec, Hamburg, Gennany) was appKed at a 
concentration of 1000 U/ml, in the presence of cycloheximide (Sigma, Tanfkirchen, 
Gemiany); Doxorubicin (Sigma) was employed at a concentration of 0.5 ^ig/ml tissue 
culture medium. 
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For colony fonnation assays, cells were tramfected with eillier pSUPER-Livm-2 or 
pSUPER-Luc, together with pSV2Neo. and selected for stably transfected cells by 
neomyon resistance, in the presence of 1 mg/ml Genetidn (Ihvitrogen). Colonies were 
fixed with foimaldehyde and stained with crystal violet. 

RNA and protein analyses 

Fbr Northern blot analyses, poly-A-^-RNA was isolated employing the Dynabeads mRNA 
DuectTM kit (Dynal, Oslo, Norway) according to the instructions provided by the 
manirfactur^^ Livin transcripts were detected using the complete radio-labeled Hvin-a 
cDNA as a probe. Glycerylaldehyde-3-phosphate dehydrogenase (GAPDH) served as a 
control probe to monitor equalloading between individual lanes. 

Protein extracts were prepared essentiaUy as described (Butz et al., 1999, Oncogene Vol 
18, pages 2381-2386). For Western blot analyses, approximately 20 ^g of protei^ was 
separated by 10% SDS-PAGE, transferred to a Bnmobilon-P membrane (MiUipore 
Bedford, USA) and analyzed by enhanced chemiluminiscence (Amersham, Braunschweig 
Germany) using monoclonal anti-LLvin antibody IMG347 (Biocarta Europe. Hamburg' 
Germany); monoclonal anti-Tubulin antibody Ab-1 (Oncogene, Boston, USA) . polyclonal 
rabbit anti-Caspase-3 antibody Pab CM! (BD Biosciences, Heidelberg. Germany) 
polyclonal anti-Caspase-7 antibody (BD Biosciences), monoclonal anti-Caspase-8 
antabody (BD Biosciences), polyclonal rabbit anti-Caspase-9 antibody (BD Biosciences) 
and mouse monoclonal anti.Poiy(ADP-ribose) polymerase antibody C2-10 (BD 
Biosciences). 

Caspase and TUNEL assays 

To detect caspase-3 protease activities, the ApoAlert Caspase-3 Colorimetric Assay Kit 
(Clontech, Palo Alto, USA) was utilized. CytosoUc lysates were prepared 48 h following 
transfection and incubated with 50 pM p-nitroaniUde (pNA) conjugated to the caspase 
cleavage site Asp-Glu-Val-Asp (DEVD) for 1 h at 37o C. Hydrolyzed pNA was detected 
usmg a Multiscan MS colorimeter (ThennoLabsystems, Vantaa, Finland) at 405 nm For 
control experiments. 10 of the Caspase-3 inhibitor DEVD-fink (Qontech) was 
mcluded mto the reaction, before addition of the substrate. 

For apoptosis detection, cells were grown on coversUps and TdT-mediated dUTP biotin 
mck end labeling (TUNEL) analyses were performed using Uie in situ ceU death detection 
kit (Roche Molecular Biochemicals), as previously described (Butz et al., 2000. Proc Natl 
Acad. Sd.. Vol. 97, pages 6693-6697). Total DNA was stained with 4'.6-diamidino-2- 
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phenylindole (DAPI, Roche Molecular Biochemicals). Apoptotic strand breaks and total 
DNA were visualized by transmission epifluorescence microscopy. 



